INTRODUCTION
Strongyloides stercoralis is an intestinal nematode, endemic in tropical and subtropical regions. The humidity and clay soils favor the development of larvae stages of the parasite in the environment. The filariform larvae (L3) are the infective stage. Upon skin penetration, they travel to the bloodstream and reach the lung. After ascending the tracheobronchial tree, they arrive in the small intestine, where they evolve to adult stages and females begin the oviposition in the intestinal wall. Rhabditoid larvae emerge from these eggs; they may differentiate into L3 in the environment or to autoinfected filariform stage (aL3) in the host intestine, the latter being able to penetrate through the bowel mucose or perianal skin overinfecting the host. 1 , 2 Strongyloidosis is usually not suspected because patient exposure may be remote and physicians often do not include this entity among differential diagnosis out of endemic areas. Moreover, the parasite is difficult to detect in chronic infections because of the low parasite burden.
Most chronic infections are asymptomatic and the only laboratory finding may be eosinophilia. 3, 4 In patients without any other underlying causes of eosinophilia but at high epidemiological risk, strongyloidosis should be ruled out. The various chronic manifestations include nausea, vomiting, epigastric pain with tenderness, diarrhea, constipation, weight loss, asthma-like symptoms, urticaria, and distinctive larva currens rash from the subcutaneous migration of larvae. 4, 5 Inmunosupressed people may experience accelerated autoinfection, with the consequent hyperinfection syndrome. This clinical presentation can be observed after starting immunosuppressive therapy (e.g., corticosteroids alone or administered contemporarily with vinca alkaloids, methotrexate, antithymocyte globulin, chlorambucil), in carriers of HTLV-1, alcoholics, patients with diabetes, and in patients with hypoclorhydria, hematological malignancies (especially lymphoma), impaired gut motility, and protein caloric malnutrition as well as transplantation recipients. [2] [3] [4] [5] [6] [7] The diagnosis of this parasitosis is usually performed by direct microscopic examination of stool specimens looking for the rhabditoid larvae. However, in chronic infection, larvae excretion may be low and fluctuating. For this reason, microscopic observation is not sensitive enough and multiple stool specimens should be analyzed to increase the sensitivity of the test. It has been reported that a single stool examination only detects larvae in as much as 30% of the cases. 8, 9 Different methods such as Baerman concentration, Harada Mori filter paper culture, formalin ethyl acetate concentration technique, and nutrient agar plate culture are used to improve the direct diagnosis. The latest, proved to be the best to detect S. stercoralis infection. [10] [11] [12] [13] [14] [15] Serology is also used for screening and diagnosis out of endemic areas. [16] [17] [18] In hyperinfection and disseminated strongyloidosis, patients are usually symptomatic and parasitological diagnosis is easy, because larvae are frequently found in stool, sputum, and even in other samples (ascitic fluid, bronchoalveolar lavage). 7, 19 The aim of this study was to estimate the frequency of strongyloidosis among patients with eosinophilia and past residence in endemic areas, and to find out whether its frequency justifies the systematic use of a highly sensitive practical diagnosis method in areas where specific serology is difficult to be performed. Abstract. Strongyloides stercoralis chronic infections are usually asymptomatic and underestimated. We used direct fresh stool examination, Ritchie's method, and agar plate culture for diagnosis in patients with eosinophilia and previous residence in endemic areas. The frequency of strongyloidosis detected among these patients was high: 21 of 42 were positive. Among them, 10 were positive only by agar plate culture. After ivermectin treatment, patients resulted negative for parasitological tests and reduced their eosinophil counts. Half of the submitted patients that were followed 4-12 months after treatment remained negative without eosinophilia, except one who showed an eosinophil ascending curve before reappearance of larvae in stools. The high frequency of strongyloidosis found in this group emphasizes the relevance of including this parasitosis among differential diagnosis in patients with eosinophilia and past risk of S. stercoralis infection to prevent disseminated infections secondary to corticoid therapy.
MATERIALS AND METHODS

Patients
Information was collected by a standardized questionnaire, which included the data about demographic characteristics, current and past occupation, history of past exposure in the endemic area, underlying medical conditions, and risk of recent infection or reinfection. The immunological status was determined reviewing history of acquired immunodeficiency syndrome (AIDS), the presence of a chronic illness, immunosuppressive drug treatment, malignancy disease, and transplantation or connective tissue diseases. Informed consent was obtained from all the participants.
This study was approved by the Ethics Committee of the Medical School Hospital and the Independent Ethics Committee in Research, Medical School, University of Buenos Aires.
Samples. Fresh stools in phosphate-buffered saline (PBS) and feces collected in formalin 5% for 7 days were obtained from each patient at the first visit. Fresh samples were proceeded after emission and studied by triplicates. Eosinophil values were registered. In those patients in which the first stool sample was negative, a second sample was studied at Day 15 to discard false negatives. Thirty days after the first visit, parasitological studies and eosinophil count were conducted again in all patients.
When possible, positive patients were followed up between 4 and 12 months after the end of the treatment. Similarly, patients under corticoid treatment were followed up to avoid risks of false negatives, even when they were informed as negative for strongyloidosis.
Microscopic diagnosis. Fresh stools were centrifuged and the pellets were analyzed by triplicate under a light microscope after adding lugol stain. Stools preserved in formalin were studied by the Ritchie's method. 20 There was a search for rhabditoid larvae of S. stercoralis and other parasites in both fresh and fixed samples . When rhabditoid S. stercoralis larvae were detected samples were considered positive for strongyloidosis. Larvae or eggs of other helminths and cysts of protozoa detected in formalin preserved samples and/or in fresh stools were informed as well. The Kinyoun stain was used to discard intestinal coccidian parasites.
Culture procedure. Three grams of fresh stools/plate were seeded in the center of three agar plates. They were incubated at 37°C for up to 7 days and examined daily under a stereomicroscope to search for the tracks generated by the larvae migration. The surface of each microscopically positive dish was washed with 10% formalin solution, one at the moment that samples are detected as positives and the rest at the seventh day. Morphology of the worms collected was observed under light microscopy to differentiate between larvae of hookworms and S. stercoralis . The principal keys for morphological differences of rhabditoid stage between the latter and the hookworm larvae are the extremely short bucal capsule and the prominent genital primordium, which is fairly obvious and is located in about twothirds of the larvae length in S. stercoralis. For the filariform larvae the difference between both species is the length of the esophagus and tip of the tail. 20, 21 Pharmacological treatment. Patients with diagnosis of strongyloidosis received ivermectin 200 μg/kg/day, for 2 days. 3, 4 The therapy was directly observed. The first dose was administered by the physician and the second by a companion of the patient. Patients with other intestinal parasitic infections were administered with adequate therapy.
Statistical method. Data consistency analysis was performed. Mean, median, and confidence interval (CI) were estimated. Sensitivity and specificity for Ritchie's method plus PBS fresh stools compared with the summatory results of the three methods used were calculated. A similar procedure was performed for the agar plate culture method. Mean changes in eosinophilia before and after treatment were assessed by the Wilcoxon signed-rank test and were considered significant when P < 0.05. Data analysis was performed by SPSS (version 13.0, SPSS Inc., Chicago, IL, 1989-1999).
RESULTS
Patients included in this report (42) ranged from 18 to 83 years of age (mean 46.1, 95% CI 38.7-53.4) of which 41.2% were females. General features and eosinophil values at the admission moment are shown in Table 1 . None of the patients were at risk of recent S. stercoralis infections because they had not returned to the endemic area at least for 1 year before they were included in this study.
Twenty-one patients out of 42 presented strongyloidosis. Ten patients showed S. stercoralis larvae by direct observation of the fresh feces. When agar plate cultures were performed, 19 out of 42 patients, comprising 9 of the 10 already mentioned, proved to be positive for this parasitosis. When formalin-fixed feces were observed by light microscopy after periodical collection (Ritchie's method), six samples were positive in coincidence with the other two methods, and another sample was positive only by Ritchie's method (patient 19). These results were obtained with the first sample and were not modified by those performed at Day 15 with the purpose to discard possible false negatives. The percentage of positive samples for each technique is represented in Figure 1 . If we consider larvae detection by any of the tests used here as the gold standard, the sensitivity and negative predictive values for Ritchie's plus fresh stools were 0.52 and 0.67, respectively, whereas for agar culture the sensitivity and negative predictive values were 0.90 and 0.91.
All larvae recovered from the surface agar cultures were assigned as S. stercoralis rhabditoid/filariform larvae. The lack of hookworm infection was confirmed because no hookworm eggs were ever detected. Cysts of Blastocystis hominis and Entamoeba coli were detected in most patients (except in patients 1, 3, 5, 8, and 22), whereas Giardia lamblia was only observed in patient 3. The absence of Isospora belli oocyst and Cryptosporidium spp. was confirmed by the Kinyoun staining.
As shown in Figure 2 , cultures became positive at different days of the observation period starting from Day 1 (patients 1, 3, 8, 14, 15, 16, 37, and 41) up to Day 6 (patient 27). Furthermore, the elapsed time during which they remained positive differed among patients. For example, patients 3 and 41 were positive only 1 day, whereas patients 1 and 37 remained positive throughout the observation period. When cumulative values were considered, the highest number of positive samples was registered on Day 2.
All patients with diagnosis of strongyloidosis (except the pregnant woman who was periodically checked during pregnancy but failed to return for controls after delivery) received ivermectin treatment. Parasitological studies performed 30 days after treatment were negative and eosinophil counts diminished significantly (median Day 0: 950, Day 30: post treatment 344, P < 0.0001) ( Figure 3 ). The patient with giardiasis was treated with metronidazole and became negative there-after. Those with diagnosis of E. coli and B. hominis were not treated.
Ten out of the 20 patients treated with ivermectin were followed up for 4 to 12 months after the end of ivermectin treatment: three for 1 year, four for 6 months, and three for 4 months. With the only exception of patient 30, the rest remained negative for parasitological studies and their eosinophil counts showed normal values, which were similar to those recorded immediately after treatment. Patient 30 showed a persistent increase of eosinophil numbers since the fourth month post-treatment, reaching eosinophilia after 10 months of follow-up ( Figure 4 ). For this reason, 3-4 consecutive stool samples were periodically requested, which were exhaustively examined for the presence of larvae. It was only after 10 months of control and in the third cultured feces sample that S. stercoralis larvae were observed. The patient was not immunosupressed and he had no evidence of any previous illness or immunosuppressant treatment and was negative for human immunodeficiency virus (HIV) and HTLV-1.
DISCUSSION
Strongyloides stercoralis often causes chronic clinically asymptomatic infections. The diagnosis is difficult because of the low larvae excretion in stools. It is usually performed by the microscopic examination of fresh and fixed enriched stool samples. The agar plate culture has been reported as more sensitive than the fresh stool observation and the Ritchie's methods. Sato, who assayed 1,350 samples using direct fecal smear, formalin-ether concentration, Harada-Mori filter paper culture, and agar plate culture, reported the highest sensitivity for the agar plate culture method (96%). 15 In another study performed to evaluate the cost-effectiveness in recovering S. stercoralis larvae, the direct smear, a modified Baermann technique and the agar plate culture method were compared, being the last 4.4 times more sensitive than the others. 12, 13 The agar plate culture is not routinely performed in all laboratories to diagnose this enteroparasitosis. Results presented here reinforce the convenience to introduce this assay, or a similarly sensitive method, to search for S. stercoralis in patients with eosinophilia and past risks of infection, who presently live outside of endemic areas. In our hands the agar plate culture follow-up during 7 days enhanced the sensitivity of the test, proving to be more suitable than the observation at a single scheduled day.
On the other hand, serology was reported to be useful for screening and follow-up after treatment, because enzyme immunoassay (EIA ) was used in many laboratories out of endemic areas . Loutfy and others had reported for the Centers for Disease Control and Prevention (CDC) the Strongyloides EIA 94.6% sensitivity. 17, 22 Van Doorn and others 16 reported for EIA a specificity ranging from 95% to 97.7% and a sensitivity of 83-93% depending on the EIA test used. These authors pointed out that serology are less time-consuming and does not require fresh stool samples, which they consider difficult to obtain in routine practices. However, this situation, that is real in developed countries, may be different for other regions.
In this sense, serology may be difficult to carry out in areas where commercial kits are not available. Moreover, if the samples to test are few, the importation of these kits cannot be justified . In these cases the agar plate cultures are an option because it may be performed in the bacteriological laboratories, which usually exist in every hospital. Additionally, crossreactivity may be observed in endemic areas, but also in those regions out of endemic areas where infections with parasites including other nematodes, can coexist in patients suspected of strongyloidosis. Serological tests may have false negative results in immunosupressed patients, too. 5, 16, 17, 23 In our country, infections with other intestinal parasites is frequently out of the endemic areas and the enzyme-linked immunosorbent assay (ELISA) kit is not available commercially at present.
Strongloides stercoralis possesses a peculiar life cycle caused by the inherent ability of the aL3 to penetrate the intestinal epithelium resulting in an increase of larvae migration. 1, 24, 25 If such migration persists, it is associated with persistent eosinophilia. 2, 26 In a percentage of patients eosinophilia may be absent. Because of this, the present study may possess a bias caused by the fact that only patients with eosinophilia were included. However, this sign is considered a warning by different authors. 18, 22, 23 In this study the eosinophil counts diminished significantly immediately after ivermectin therapy. As the screening was performed among patients living out of endemic areas, eosinophil values proved to be useful, to include strongyloidosis among the possible differential diagnosis for those patients at risk for this parasitic infection. The British Infection Society recommends that all returning travelers and migrants from the tropics with eosinophilia should be investigated with concentrated stool microscopy and Strongyloides serology. 18 Patients with negative results for strongyloidosis may suffer comorbidities that justify the eosinophilia. However, this is not the case for all the negative parasitological samples presented here. Hence, it is possible that, at least a part of these patients may possibly be false negatives. This possibility is strongly suggested by one patient with negative cultures that was positive by the Ritchie's method. Therefore, even when the culture practically duplicates the sensitivity of the Ritchie's method plus fresh stools examination and the negative predictive value is nearly 30% higher; it is worth continuing this work to develop an even more sensitive test.
The follow-up of patients after treatment that shows, for the majority of them, both persistently negative cultures and decreased eosinophil counts indicates that ivermectin therapy was effective. Regardless, one of the patients showed reactivation of infection after treatment, although the patient received the proper therapy, did not return to endemic areas, and was not immunocompromised. This outcome was unexpected as the drug of choice against S. stercoralis is the ivermectin whose cure rates reach 100% as referred by different studies. 4, 27, 28 Nevertheless, some authors reported values as low as 67%. 29 Uncomplicated infection may be treated with ivermectin 200 μg/kg of body weight single dose, although some reports suggested that two doses of ivermectin on consecutive days provided the best results with regard to efficacy. 4, 19, 27, 28 However, to certainly evaluate the results of treatment of S. stercoralis , stool examinations should be performed for at least 1 or 2 years when possible. 27 Even when cure cannot be assured, parasite burden drastically decreased below the threshold of detection after the parasiticide treatment. One patient had a rebound of eosinophil count, which prompted us to exhaustively search for the presence of larvae in stools. This patient had such low parasite burden that the collection of three consecutive samples to detect a positive culture was required. This result reinforces the proposal that eosinophilia may be a good predictive marker of parasite reactivation. 22, 23 To summarize, our results indicate the need to include strongyloidosis as a presumptive diagnosis in patients with past risk of infection and especially if they develop eosinophilia out of endemic areas. A suitable diagnosis should include a test with high sensitivity such agar culture, Baerman's, or serology test depending on the laboratory facilities. These procedure facts may avoid subjecting these patients to unnecessary invasive techniques required to diagnose other pathologies.
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